utilized CRISPR/Cas9 and CRISPR-Cpf1 technology to knock out an early developmental gene EPFL9 (Epidermal Patterning Factor like-9, a positive regulator of stomatal development in Arabidopsis) orthologue in rice. Germ-line mutants that were generated showed edits that were carried forward into the T2 generation when Cas9-free homozygous mutants were obtained. The homozygous mutant plants showed more than an eightfold reduction in stomatal density on the abaxial leaf surface of the edited rice plants. Potential off-target analysis showed no significant off-target effects. This study also utilized the CRISPR-LbCpf1 (Lachnospiracae bacterium Cpf1) to target the same OsEPFL9 gene to test the activity of this class-2 CRISPR system in rice and found that Cpf1 is also capable of genome editing and edits get transmitted through generations with similar phenotypic changes seen with CRISPR-Cas9. This study demonstrates the application of CRISPR-Cas9/Cpf1 to precisely target genomic locations and develop transgene-free homozygous heritable gene edits and confirms that the loss of function analysis of the candidate genes emerging from different systems biology based approaches, could be performed, and therefore, this system adds value in the validation of gene function studies.
Introduction
The emergence and the amalgamation of systems biology resources, data and findings in experimental research currently, has heralded the identification of hitherto unknown genes involved in the early development of plants. Moreover , it has ensured that not only novel genes are identified 1 3 but also the interaction of several genes involved in key metabolic and developmental pathways can be elucidated rapidly. The utilization of the different '-omics' approaches has pooled in data from the genomic, transcriptomic levels and has given rise to a picture that enhances our understanding of how the early development in plants occurs, the genes involved with the network and interaction that occur between them. Therefore, a need arises to functionally validate the said genes in vivo to see how do they actually act on the plants and how do their interactions affect its growth. This can be answered by studying the loss of function of said genes by employing various genetic engineering techniques such as precise genome editing, which provides researchers with the ability of clear, precise targeting of desired genes and to create knock outs, thus studying the inevitable loss of function of a gene.
The CRISPR/Cas9 (clustered regulatory interspaced short palindromic repeats-/CRISPR associated protein 9) genome editing system provides an efficient way of generating targeted mutations in the plant genome (Jiang et al. 2013) . A derivation of the prokaryotic immune system,CRISPR-cas9/cpf1 introduces indels at a desired locus in the genome while the randomly inserted T-DNA containing the Cas9 nuclease can be segregated out through negative selection across several generations. The alteration of a specific DNA locus, without leaving behind heterologous genetic elements, serves as an advantage for this system over other genetic modification (GM) approaches (Xu et al. 2015) . The adoption of crops produced from modern genetic engineering has improved and diversified crop agronomical traits, but has been hampered by strict regulatory guidelines that hinder release. However, mutations created through this technology mimic natural spontaneous mutations or induced mutations produced using chemicals (e.g. Eethyl methanesulfonate) or Gamma rays, which have much more relaxed regulations for adoption and delivery to the farmers (Voytas 2013) . The genetic variation from these kinds of mutation (natural or induced) has long been harnessed by breeders to understand the genetic basis of desirable agronomical traits and to utilize in their breeding programs. Combining robust CRISPR/Cas9 technology and conventional breeding could speed up the pace in which we can improve the traits of the world's crops needed to sustain future food demand in our rapidly changing environment.
The CRISPR/Cas9 system used in genome editing requires a single guide RNA (sgRNA) that assists the Cas9 protein in recognizing the targeted locus to induce a DNA double strand break (DSB) (Shen et al. 2013 ). Mutation at the targeted locus happens through the repair of the DSB, facilitated by the error prone process of the non-homologous end joining (NHEJ) DNA repair pathway (Xie and Yang 2013) . The sgRNA is a single stranded RNA molecule that contains a section that is complementary to the target site sequence. This helps the Cas9 enzyme to identify the desired locus. The CRISPR/Cas9 used in this study was derived from Streptococcus pyogenes, which requires a 17-20 bp target site that is directly adjacent to a 5′-NGG PAM (protospacer adjacent motif) sequence to be effectively recognized by the sgRNA (Fu et al. 2013) . The abundance of NGG motif sequences provides flexibility in choosing a desired locus to serve as a target site for Cas9 cleavage (Shan et al. 2013) . However, the simplicity of this approach poses a risk of causing off-target effects in the genome at sites with sequence similarity to the target site. Several bioinformatics tools are available to help predict regions in the genome that contain similarity to the target region (Doench et al. 2014 (Doench et al. , 2016 Lei et al. 2014; Xie et al. 2014; Yan et al. 2014) . Identified genes/genetic regions can be verified for genome edits (mutation) by PCR amplification and subsequent sequencing.
The recent identification of another class 2 CRISPR effector (Cpf1) broadens the horizon for genome editing. Zetsche et al. (2015) have shown that Cpf1 allows robust genome editing in human cell-lines and can target A/Trich areas of the genome and thus increases the number of locations that can be edited. Two major orthologues of Cpf1 from Acidaminococcus sp and Lachnospiracae bacterium showed significant genome editing activity. The Cpf1 not only targets adjacent to a T-rich PAM, but also it has certain unique characteristics that differ from Cas9 (Zetsche et al. 2015) . The CRISPR-Cpf1 system is simpler, only requiring one crRNA in contrast to Cas9 where one crRNA and a tracrRNA complex are required. Moreover, in contrast to Cas9's blunt-ended double strand break, the CRISPR-Cpf1 system introduces a staggered DNA double strand break, which can be useful in generating efficient gene insertions in plant systems.
In this study we have used the OsEPFL9 gene as a marker to test the efficiency of the CRISPR-Cas9 and CRISPR-LbCpf1 systems in rice. A developmental gene, OsEPFL9 also known as rice STOMAGEN is part of a family of secretory signal peptides that regulate leaf stomatal density (Kondo et al. 2010; Sugano et al. 2010) . In Arabidopsis, AtEPFL9 gene expression positively regulates stomatal development and correlates with increase in stomatal density (Hunt et al. 2010) . Knock-down of the AtEPFL9 gene expression produces plants with decreased stomatal density, a phenotype which is good for analyzing the heredity of the mutations even after several generations. OsEPFL9 was targeted in rice to serve as a visible phenotypic screen to support the sequencing results. Segregating mutant lines showed an incomplete dominant phenotype that helps in validating the zygosity of mutant lines. Exon 1 of OsEPFL9 was targeted by CRISPR-Cas9 and CRISPRLbCpf1 separately. T0 plants that were regenerated showed the presence of the targeted gene edits by both systems.
CRISPR-Cas9 mediated knockout lines were taken through several generations to check that the edits were stabilized and that the segregation of the Cas9 had occurred. This study reports, the application of CRISPR-Cpf1 in plants and also reports CRISPR-Cas9 mediated editing of the OsEPFL9 gene in rice, transmission of the edits through generations, segregation of Cas9 and development of a visible phenotype with more than eightfold decrease in stomatal density.
Materials and methods

Construct designing
Generation of pCambia-CRISPR_Cas9 vector
A backbone pCambia-CRISPR_Cas9 binary vector was generated for the establishment of a robust rice genome editing system. The plasmid DNA of pOsU3-sgRNA that contained the transcript of a single guide RNA (sgRNA) and pJIT163-2NLSCas9 CRISPR/Cas9 that expressed rice-codon-optimized Cas9 (Fig. S6 ) was a kind gift from Caixia Gao's lab. The two functional cassettes from each vector were cloned into the pCambia vector system for Agrobacterium-mediated rice transformation.
The sgRNA cassette of pOsU3-sgRNA and the Cas9 cassette of pJIT163-2NLSCas9 and the backbone of the modified pCambia1300 were isolated by restriction enzyme digestion and were agarose gel purified respectively, and were ligated to produce the backbone pCambia-CRISPR/ Cas9 binary vector.
The backbone pCambia-CRISPR_Cas9 vector was digested with AarI to create two unique sticky ends. Target sequence was formed by annealing a pair of oligos (EPFL9-Cas9-Target-F and EPFL9-Cas9-Target-R) that had compatible sticky ends to the AarI digested backbone pCambia-CRISPR/Cas9 vector. The first exon of the OsEPFL9 gene in rice cv. IR64 (OsIR64_00032g010800.1, Rice SNP-Seek Database, IRIC) was targeted.
Generation of pCambia-LbCpf1 vector
The pCambia-LbCpf1 working backbone vectors were developed from the pCambia-CRISPR_Cas9 vector. The guide RNA scaffold of pCambia-CRISPR_Cas9 was removed by restriction digestion using AarI (ThermoFisher Sceintific) and XbaI (NEB). A pair of oligos (LbCpf1-gRNA-F and LbCpf1-gRNA-R) was annealed to create the compatible sticky end to AarI-XbaI digested pCambia-CRISPR_Cas9, and the annealed oligo carried LbCpf1 specific gRNA scaffold (Zetsche et al. 2015) and the BaeI recognition site to help the insertion of designed target, and a 41-nt long gRNA transcription terminator that was taken from the pCambia-CRISPR_Cas9 (Fig. S8) .
The intermediate vectors carried LbCpf1 gRNA scaffold, were further digested with HindIII and SalI to remove the Cas9 coding sequence and the terminator. The coding sequence of LbCpf1 was PCR amplified (Cpf1-F and LbCpf1-R) from pcDNA3-huLbCpf1 that was kindly given as a gift by Feng Zhang's lab (Zetsche et al. 2015) (Fig. S7) . The CaMV terminator was PCR amplified using LbCpf1-NLS-F and Cpf1-NLS-R. The two PCR products were used as templates for overlapping PCR (Cpf1-F and Cpf1-NLS-R). The product of the overlap PCR covered a unique HindIII restriction site upstream of the Cpf1 cassette and a unique SalI restriction site downstream of the Cpf1. The overlap PCR product was digested with HindIII and SalI and was then ligated with the HindIII-SalI digested intermediate vectors, to produce the working backbone vector pCambia-LbCpf1.
Guide sequences were produced by oligo annealing that had the compatible sticky ends to the restriction enzyme digested working backbone vectors (AarI for pCambiaCRISPR_Cas9, and BaeI for pCambia-LbCpf1).
All oligo DNA used in this study were ordered from Macrogen. Vector maps were generated using SnapGene.
Rice transformation
The Indica rice cultivar IR64 was used in this transformation. pCambia-CRISPR_Cas9-EPFL9 was transformed to rice via A. tumefaciens mediated transformation using rice immature embryos (IE) (Hiei and Komari 2008 ) that were collected from immature seeds of rice panicles harvested 12 days after anthesis.
A. tumefaciens transformed with the working vector, was mixed with infection medium. Five microliter of the A. tumefaciens suspension was dropped on top of each IE and the IEs were allowed to co-cultivate for 7 days at 25 °C in the dark. Elongated shoots were removed from IEs after co-cultivation and the IEs were gently blotted on sterile filter paper. Blotted IEs were transferred to the resting medium (Hiei and Komari 2008) and incubated at 30 °C for 5 days under continuous illumination. Each IE was cut into 4 pieces. All cut IEs were incubated on selection medium, containing 30 mg/L hygromycin, for 10 days at 30 °C (Hiei and Komari 2008) , and then all were transferred to fresh selection medium for another 10 days. After being incubated twice on the selection medium, hygromycin-resistant calli were selected to transfer to the 3rd time selection for 10 days. After the 3rd time selection, the hygromycin-resistant calli were moved to pre-regeneration medium, containing 50 mg/L hygromycin, to incubate for 10 days at 30 °C (Hiei and Komari 2008) . Profilerating calli were then transferred onto regeneration medium (Hiei and Komori 2008) , containing 50 mg/L hygromycin and were allowed to grow for 10-15 days until the roots were about 2 mm long. Regenerated plantlets were then transferred and grown in Yoshida Culture Solution (YCS) for 2 weeks (Datta and Datta 2006) . Regenerated plants were screened for their transgene (i.e. Cas9 or Cpf1) by PCR using primer Cas9-F and Cas9-R for pCambia-CRISPR_Cas9-EPFL9 and LbCpf1-F and LbCpf1-R for pCambia-LbCpf1-EPFL9. Plants of positive PCR results were maintained and were transferred to soil after 2 weeks growing in YCS.
Surveyor assay
PCR was performed using Phusion ® High-Fidelity DNA Polymerase (NEB) with isolated genomic DNA. The product size was 795 bp using primer EPFL9-seq-F and EPFL9-seq-R. For every PCR that was performed for transformed plant, a wild type (WT) control PCR was performed alongside under the same conditions. The total volume of each reaction was 15 µL. After the completion of the PCR, 3.5 µL from each reaction was loaded on agarose gel to confirm the success of PCR reaction.
For the surveyor assay of each sample, 6 µL of the PCR product from the transformed plant and 6 µL of the PCR product from the WT control were well mixed. Each mixed PCR product was hybridized to form DNA heteroduplexes and were then digested with Surveyor Nuclease, following the user guide of Surveyor ® Mutation Detection Kit (IDT, 706020).
Digested DNA was run on 2% agarose gel and samples with visible digested bands (expected size 463 and 332 bp) were selected as surveyor assay positives.
Indel analysis
The PCR products of selected plants were directly sequenced. Each PCR reaction had a volume of 40 µL and was performed using Q5 ® High-Fidelity DNA Polymerase (NEB). PCR products were purified from agarose gel (QIAquick Gel Extraction Kit, QIAGEN) and were sequenced directly by Sanger sequencing.
When the chromatogram of a sample shows single peaks, sequence is directly aligned with reference sequence (IR64, Rice SNP-Seek Database, IRIC).
When double peaks were observed, the chromatogram was subjected to online indel detection tools poly peak parser (Hill et al. 2014) to detect the alternative sequences and TIDE (Brinkman et al. 2014) to determine the frequency of the alternative sequences. Manual checking was also performed subsequently, due to the minor errors and limitation of each tool. Samples with the ratio of [frequency of alternative sequence]: [frequency of WT sequence] greater than 0.8: 1 were arbitrarily selected. At T0 generation, such plants were considered as heterozygous mutants (having germline mutation) and were brought to further generation.
Southern blotting
Southern blotting technique was employed to assess the T-DNA copy number of the T2 transgenic plants. Twelve micrograms of DNA sample was digested using XbaI (New England Biolabs, USA) at 37 °C for 16 h. The digested samples were then separated using 0.8% agarose gel electrophoresis with 1X TAE buffer at 30 volts overnight. DIGlabeled molecular weight marker II (Roche Diagnostics, Germany) was used to determine the apparent molecular size of the bands. Un-transformed rice was used as negative control. Two samples of Cas9 PCR positive were used as positive control. The gel was processed in preparation for neutral transfer. DNA was transferred from the gel into Hybond Nylon+ membrane (GE Healthcare, UK) using capillary method and neutral transfer buffer using 20X SSC (0.3 M tri-sodium citrate acetate dehydrate, pH 7.0, in 3 M NaCl). The blots were hybridized with probe synthesized using PCR DIG Probe Synthesis Kit (Roche Diagnostics, Germany) using primers specific to the Hygromycin gene (HptII-F and HptII-R). Hybridization was done at 42 °C overnight and washed the next day. Anti-DIG Fab Fragment-AP conjugate (Roche Diagnostics, Germany) was used to detect the DIG labeled probe. The blots were detected using CDP-Star Detection Reagent (Roche Diagnostics, Germany) following manufacturers protocols.
Microscopy
Middle portion (about 10 cm long) of the youngest fully expanded leaf of each plant was sampled at maximum tillering stage. The adaxial (upper) epidermis and mesophyll cells were gently scratched and removed with a razor blade. The near transparent abaxial (lower) epidermis was allowed to remain and was transferred to a glass slide with water.
Transmitted bright field images were captured with Olympus BX61 connected to a Hamamatsu ORCAFlash2.8 camera (0.090 cm 2 area image under 10× magnification), Olympus BX63 microscope connected to an Olympus DP71 camera (0.144 cm 2 area image under 10× magnification), or Olympus BX51 microscope connected to an Olympus DP71 camera (0.144 cm 2 area image under 10 x magnification). Images of 5 areas of each leaf sample were taken for stomata counting.
Off-target analysis
The Cas-OFFinder (Bae et al. 2014 ) was used to identify the potential off-target sites in rice. Several parameters from higher stringency to lower stringency were employed, as shown below: All identified sites were mapped in rice IR64 genome. The sites that were successfully mapped in IR64 genome were ranked according to less disturbed to more disturbed at 5-12 positions beyond the tracrRNA:crRNA. The 10 highest ranked sites were selected.
Primers were designed flanking the potential off-target sites (Table S1 ). PCR products (amplified with Q5 ® High-Fidelity DNA Polymerase, NEB) were sequenced directly.
Results
CRISPR-Cas9 and CRISPR-Cpf1 mediated genome editing in T0 transgenic rice
To investigate the editing efficiency of Cas9 and Cpf1, we targeted the Arabidopsis EPFL9 gene orthologue in rice, which is an important positive regulator of stomatal developmental pathway as found in Arabidopsis (Hunt et al. 2010; Rychel et al. 2010; Takata et al. 2013; van Campen et al. 2016) . Using both nucleases, Cas9 and Cpf1, we targeted exon-1 of the EPFL9 gene (Fig. S3) . The Cpf1 target sequence in this study was chosen very close to the Cas9 target sequence for more accurate comparison ( Fig. 1 and  Fig. S3 ). In case of both Cas9 and Cpf1 targets chosen, the cleavage site is after the start codon (underlined in the figure) the result of which would be the disruption of the ORF of the EPFL9 gene. Alignment of the target region of OsEPFL9 (both Cas9 and Cpf1) in this study against other members of the EPF/EPFL gene family showed no significant similarity that would cause off-target effect (Fig. S11) .
One hundred T0 plants of each construct, that were PCR positive for the nuclease (Cas9-F and Cas9-R for pCambiaCRISPR_Cas9-EPFL9 plants, LbCpf1-F and LbCpf1-R for pCambia-LbCpf1-EEFL9 plants), were analyzed by the Surveyor assay. The PCR product of samples that were positive in the surveyor assay were sequenced directly, using the primers flanking the target region (EPFL9-seq-F and EPFL9-seq-R, Fig. 2a) . From the 100 pCambia-CRISPR_ Cas9-EPFL9 T0 plants that were analyzed, 4 showed double peaks in the sequencing chromatogram (Fig. S1 ) that indicated heterozygous gene edited plants (4%). For the 100 pCambia-LbCpf1-EPFL9 plants that were analyzed, Detailed sequence analysis (Fig. 3) of the pCambiaCRISPR_Cas9-EPFL9 plants showed that the maximum deletion size was 37 bp, and the minimum deletion size was 4 bp, averaging about 13 bp. For the pCambia-LbCpf1-EPFL9 plants, the maximum mutation size was 63 bp, and the minimum deletion size was 1 bp, with an average of about 13.5 bp.
The score for the probable gRNA on-target activity, using DESKGEN software (http://www.deskgen.com), showed 69% likelihood for the Cas9-EPFL9, while the Cpf1 showed only 7% likelihood (Fig. 4) . Our results show that, even with much lower probable gRNA on-target activity, the Cpf1 system still produced a higher percentage of stably edited mutants.
The sizes of the mutation induced by the two systems were comparable. The induced DNA double strand break is repaired by the NHEJ repair pathway in plants and is affected by local micro-homologous DNA sequences. For this reason, we chose the Cpf1 target site that was close to the target site of the Cas9 mutated site. Despite the fact that low gRNA on-target activity was predicted by DESKGEN in the Cpf1 target site (7% probability for the Cpf1 system, vs. 69% for the Cas9 system), more than double the percentage of edited plants were observed with the LbCpf1 system in T0. Taking into account the high similarity of the vector design of the two systems in this study (Figs.  S4, S5 ), the result indicates that the LbCpf1 system may also be an efficient genome-editing tool for rice and reports application of Cpf1 in a plant system.
Segregation of targeted mutation in the T1 generation
Event 13 and 24 of pCambia-CRISPR_Cas9-EPFL9 were taken to the T1 generation. The Surveyor assay along with the direct sequencing of the PCR product, were performed on the T1 plants. Many T1 samples showed digested bands in the surveyor assay. The sequencing results were seen to have the expected Mendelian segregation pattern ( PCR analysis of the tested T1 plants of event 13 all still harboured the Cas9 gene. However, with event 24, two progeny (07 and 08) were Cas9 PCR negative and were also homozygous for the targeted mutation. This
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It is interesting to note that in the case of CRISPR-Cpf1 event 006 T0 and T1 lines there is a difference in the sizes of the band produced after the Surveryor assay. The Surveyor assay, involves the hybridization of a wild-type DNA strand and a transgene DNA strand. The Surveryor enzyme is known to cut the DNA at a location where it encounters a mismatch. The mismatch in case of the event 006 is 63 bp may have contributed to the shifts in band sizes and an increase in band numbers that are observed in the Surveyor assay. Another thing of note is the T1 plant Cpf1-006-01 (Fig. S9) , which seems to have developed a new mutation which was not present in the T0 due to the action of the transgene. After sequencing it was discovered that the mutation was different from the rest of the plants of that event, perhaps introduced by the transgene. The reason for it being Surveyor positive is the fact that the enzyme is only capable of displaying if a given sequence has a mutation or not when compared to the wild-type; but not the nature and exact details of the said mutation. Table 2 shows the T1 lines that were selected and brought forward to the T2 generation. Three homozygous lines of each event were selected, and for event 24, the two Cas9 PCR negative lines were included. One heterozygous line of each event was also advanced as a backup if the homozygous lines gave no real Cas9-free progenies.
Screening of the Cas9-free homozygous mutant at T2 generation
Thirty seeds of each T1 line were germinated. All germinated plants were immediately screened by PCR using the Cas9-F and Cas9-R primer pair. Plants with negative PCR results were selected for sequencing of the target region.
One T2 progeny of Cas9-013-01, one of Cas9-013-02 and one of Cas9-013-11 was Cas9 PCR negative. Five T2 progenies of Cas9-013-13 were Cas9 PCR negative and were sequenced. The sequencing results of all five lines showed a homozygous targeted mutation, which was consistent with their T0 and T1 parent plants (data not shown).
Eight T2 progenies of Cas9-024-01 and seven of Cas9-024-04 were Cas9 PCR negative, while all T2 progenies of Cas9-024-07 and Cas9-024-08 were Cas9 PCR negative (data not shown).
We selected five T2 progenies of Cas9-024-07 and all five PCR negative T2 progenies of Cas9-013-13, as well as two Cas9 PCR positive as positive controls (from Cas9-024-01) to perform Southern Blot to confirm the Cas9 PCR negative plants were Cas9-free (Fig. 6) .
Analysis of altered stomatal phenotype in the edited homozygous transgene-free T2 plants
The average stomatal density of the abaxial epidermis in the middle portion of the 6th leaf was measured at the maximum tillering stage. T2 Cas9-EPFL9 plants with homozygous mutations at the target site were measured. Figure 7 shows the average stomatal density of event 13 and event 24 of T2 homozygous Cas9-EPFL9 plants compared to the wild-type control. Both events were seen to have more than an eightfold decrease in the average stomatal density. This clearly demonstrates the importance of OsEPFL9 expression for stomatal production in rice and strongly supports the role of the stomagen peptide orthologue in rice epidermal development. Furthermore, it identifies OsEPFL9 as a useful target gene in planta for tractable testing of gene targeting techniques.
Analysis of potential off-target effects of CRISPR-Cas9 modified plants
Cas-OFFinder (Bae et al. 2014 ) was used to identify potential off-target loci in the rice genome. The 10 loci with the highest ranking off-target potential were aligned to the IR64 genome and primers were designed to amplify each region (Table 3) . Two T2 Cas9-free homozygous mutant plants were analyzed, Cas9-013-13-29 and Cas9-024-07-03. The same regions were also amplified using wild-type Fig. S10 . The primers that were used for amplifying these regions are listed in Table S1 .
No secondary off target mutations were detected near to the potential off-target loci in Cas9-EPFL9 plants. A previous study reported that 5-12 positions beyond the tracrRNA:crRNA base-pairing interaction are important for efficient Cas9 binding and target recognition (Jinek et al. 2012) . The target sequence identified in this study was selected to avoid possible off-target sequences that have overall similarity to the desired target.
All Cas9-EPFL9 plants with homozygous target mutations were seen to have drastic reductions in stomatal density, including Cas9-free plants. No off-target effects were found in the Cas9-free homozygous mutant plants from potential off-target analysis. The results indicate that the phenotype was due to the dysfunction of the stomatal development related gene EPFL9 as reported previously (Hunt et al. 2010) .
Discussion
In the current scenario of research, systems biology plays an important role in the identification of genes that are involved in the regulation of the multitude of pathways that enable a plant to grow and survive. The approach used by systems biology of collecting and integrating data generated by studying the plant under different '-omics' viz. genomics, phenomics, transcriptomics, metabolomics, ionomics, etc. have generated data to help and understand the various genes that are involved in plant development. Varied systems biology approaches have been used to assess understand and fill the gaps in between the genes and metabolites and the underlying interaction between the genes and the regulators and their expression, involving both BOTTOM-UP and TOP-DOWN approach (Saito and Matsuda 2010; Yoshida et al. 2010) . But as new data are being generated, functional validation of said genes also becomes extremely important to actually visualize the effects of said genes on a plant. The most favored method for this kind of validation is the loss of function of genes and to see how does the loss of the genes affect the growth of a plant. While in the past several methods have been used to generate loss of function mutants in plants, none have been precise and accurate resulting in knock out of undesired genes and genomic locations. With the advent of genome editing it has now become possible to precisely target particular locations in the genome of our interest thus helping in generation loss of function mutants in the genes of interest and help in functionally validate the genes new or known and visualize the interaction amongst, completing the small gaps in the picture that was created by systems biology approach. Several genome editing tools have been discovered prior to CRISPR/Cas9 but none of them surpassed its ease of use and efficiency (Hsu et al. 2014; Kumar and Jain 2015; Liang et al. 2014 ). All of these genome-editing tools rely on a system that has a DNA sequence-recognizing element and a DNA-cleaving element to induce genome modifications. Unlike the Zinc finger nucleases or TALEN (transcription activator-like effector nucleases) which use protein complexes to serve as DNA recognizing elements, CRISPR/ Cas9 makes use of short RNA molecules (sgRNA) that can be modified easily and cheaply (Voytas 2013; Chen and Gao 2013; Mali et al. 2013; Reyon et al. 2012) . The attractiveness of this genome engineering tool has been proven by its wide adoption in animals, particularly in medicine, and in plants (Jiang et al. 2013; Fu et al. 2013; Brooks et al. 2014; Chang et al. 2013; Cho et al. 2013; Deriano and Roth 2013; Friedland et al. 2013) . Recent development of the technology expanded its capacity, by altering the nuclease domain of the enzyme and adding a nucleotide-modifying enzyme. With this, researchers were able to induce specific single nucleotide changes to human genes responsible for genetic diseases (Komor et al. 2016; Plosky 2016) . Such modifications would be useful for plant systems if introduced in the correct way and in the correct context. Recently, genome editing by single strand oligonucleotide coupled with CRISPR associated protein was demonstrated (Sauer et al. 2016 ). This provides a promising tool for future application of SNP modifications for crop plants. Furthermore, intron mediated site-specific gene replacement and insertion opens up new doors for generating mutations/allele replacements by NHEJ . Successful application of transiently expressed CRISPR/ Cas9 or in vitro transcripts of Cas9 coding sequence and guide RNA in wheat callus cells showed efficient genome editing in hexaploid bread wheat, as well as tetraploid durum wheat . This system shows promise for application across a range of crop species. It will also be important to identify further unique nucleases that target more efficiently than Cas9. Cas9 targeting is generally restricted to the G/C rich area of the genome. Inclusion of Cpf1 with its capability of targeting T/A rich areas of the genome would increase the available editing tools and permit broader coverage of the genome that can be edited. Recent studies have shown the use of Cpf1 to successfully edit the rice genome (Xu et al. 2016; Endo et al. 2016 ). We also demonstrate here that CRISPR/Cpf1 mediated successful editing of rice gene.
As it was seen in the surveyor assay the presence of the transgene in subsequent generations could give rise to new mutations indicating that the transgene is still active. Thus, it is important to obtain transgene free, stable mutants in the subsequent generations. In agreement with other reports we show successful transmission of genome edits through subsequent generations and the production of clean homozygous lines.
Classical transgenic development happens by introducing the GOI (gene of interest) randomly into the Off-01 GGA GCT TTT GGT AGA TCA GAGG  06  3  0  Intron  Off-02 GCA GCT TGT GGT TGC TGT GGGG  04  3  0  CDS  Off-03 GGT GCT TGT GGT GAT GTG TGG  02  1  1  Intergenic  Off-04 GGA GTT GTG GTA GAT TGG TGG  03  2  1  Intron  Off-05 GAA GTT GTA GTA GAT GTG CGG  03  2  1  CDS  Off-06 CGA GCT TGT GGT AGC GTG GGG  04  2  1  Intergenic  Off-07 GGA TCT TGT GGT AGT ATA TGGGG 02  2  1  Intergenic  Off-08 GGT GTT GTG GTA GAC GTG CGG  06  2  1  Intergenic  Off-09 GGA TCT TGG GTG GAT GTG AGG  01  2  1  Intergenic  Off-10 GGA TTT TGG TAG ATGTGCGG  05  1  2  Intergenic genome, which results in a large amount of downstream work to characterize the offspring in search of a suitable event where the GOI has landed in a safe locus devoid of unwanted effects. CRISPR-mediated gene editing can aid targeted gene insertion to a particular locus by its unique gRNA-nuclease-aided site-specific targeting. Moreover, the CRISPR system (Cas9/Cpf1-gRNA) is not required to remain in the genome and can be segregated out after the editing is complete. The final product is, therefore, transgene free and thus may require no/less legislative legal regulation, which could reduce the financial burden of premarket approval and also increase the social acceptance of genome-edited crops. In this work, we demonstrate that the role of the epidermal patterning factor EPFL9/stomagen is a positive regulator of stomatal development in rice; that transgene-free homozygous gene editing is possible as early as the T1 generation; and furthermore we report the application of CRISPR/Cpf1 in plants. This proves that this new method of genome editing can be applied to create loss of function mutants and thus help in validating putative candidate genes for early development in plant. The integration of both the ability to find novel genes and to visualize the interaction between different genes, and functionally validate them in vivo will lead to a better understanding of how early development in plant proceeds ahead.
